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Introduction 
High performance aircraft are subjected to 
harsh environmental factors during 
operation including impacts with water 
and other particles, as well as high 
temperature and humidity.  Rain erosion 
coatings (REC) made from polyurethane 
(PU) are used to protect the metal and 
other coatings from these damaging 
elements by absorbing the force of 
impacts and providing a barrier against 
corrosive substances.  Over time these 
coatings break down and may fail in flight 
by delamination.   Failure of a coating 
leads to unplanned downtime and 
expensive refinishing procedures [1].  
The dynamic nature of weather makes 
predicting when the PU REC will fail, using 
traditional lifecycle estimates, extremely 
difficult since aircraft are exposed to 
different environmental conditions at 
different geographical locations or areas of 
operations. Currently no method exists for 
accurately predicting when a particular 
aircrafts coating will fail.  Therefore, there 
is a need for a reliable non-destructive 
method to detect the changes in the 
surface coating that indicate when it is 
close to failure or has begun to fail.  
Previous studies have shown that it is 
possible to detect change in alkyl chain 
length in polymers using a Scanning Kelvin 
Probe (SKP) system [2]. Additionally, 
Hansen et al. demonstrated the ability to 
detect the changes in length and 
conformation of DNA molecules using an 
SKP system [3]. These, and other 
experiments [4,5,6], show the sensitivity of 
the SKP to changes in surface material and 
indicate that the SKP should be able to 
detect chemical changes in a degraded PU 
coating as well. 
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Conclusion     
The current data shows that there is a change in the 
average work function with exposure with localized 
areas of even greater change.  However, more data 
is needed to make any conclusions.  The 4 hour 
sample needs to be retested because it was put in 
the autoclave too soon after coating. 6 and 10 hour 
exposures will also be run to better establish a trend 
with increasing exposure.  Future samples will be 
better protected from contamination that becomes 
imbedded in the coating  from the cutting process.   
Objective 
The objective of this research is to determine if the SKP can be used to detect the change in work function associated with coating degradation, as well as 
characterize the degradation of PU RECs as a function of exposure to elevated temperatures and relative humidity.  If successful, it will serve as the 
justification for developing a portable scanning unit that can be deployed by maintenance crews to determine when a coating needs to be reapplied. 
Materials and Methods 
 
1. Coat 3x6” Sample (Side view: Figure 4) with 
PU REC 
2. Cut sample to make two 3”x 3” sections 
3. Tape edges of one half to prevent 
delamination during exposure 
4. Expose taped half in an autoclave at 121˚C 
and 100% RH 
5. Reconnect with conductive tape (on bare 
metal back) 
6. Scan with Kelvin probe 
7. Take Raman Spectra 
 
Results 
 
What is Work Function? 
The work function is the amount of energy required to move an electron 
from the valence shell of an atom on a surface to a point where it is no 
longer interacting with the nucleus.  This inherent property can be 
measured by taking two different metals, kept equidistant (Figure 1a). 
When electrical contact is made (Figure 1b) the flow of electrons allows 
the Fermi levels to equalize and gives rise to a surface charge [7].  The 
contact potential difference, VCPD, is determined by applying a bias 
voltage, VB, (Figure 1c).  When the plates have no net charge VB = -VCPD so 
you know that  the work function difference between the two materials.  Figure 1: Relationship between work function 
(Ф) and Volta potential (ΔΨ) [5] Figure 2: SKP operation diagram [5] 
How does a Kelvin Probe work? 
The Kelvin probe system works by vibrating a probe which induces an AC 
current due to the change in capacitance caused by the varying distance 
between the surface and the probe tip.  Figure 2 shows a simplified version of 
the SKP system with the vibrational amplitude d1 and the sample-probe electric 
connection.  The system uses a PID controller to null the induced current with a 
bias voltage VB.  When the current is brought to zero, the voltage applied as a 
bias is the inverse of VCPD or difference in work function.   The work function of 
the probe material is known so the work function of the sample is the work 
function of tungsten plus VCPD assuming that do is kept constant [7]. 
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Figure 4: Exposure Process 
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Figure 5: Overall view of the scanning Kelvin probe 
system (left), a closer view of the probe above a 
sample (middle), and up-close probe tip (right) 
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